Abstract. Susilowati A, Rachmat HH, Elfiati D, Kholibrina CR, Kusuma YS, Siregar H. 2019. Population structure of Cotylelobium melanoxylon within vegetation community in Bona Lumban Forest, Central Tapanuli, North Sumatra, Indonesia. Biodiversitas 20: 1681-1687. In many forests stand, Cotylelobium melanoxylon is hard to find in the wild at present day because its bark has been intensively harvested for traditional alcoholic drink and sold by kilogram in traditional market in North Sumatra and Riau. This activity has put the species into serious threats of their existence in their natural habitat. We conducted study to determine the population structure of the species at seedling to tree stage in Bona Lumban Forest, Central Tapanuli. We used purposive sampling by making line transect at forest area where C. melanoxylon naturally grow. There were four transects with each transect consisted of five plots in which nested plots were established to record data at four growth stages, resulting in 80 plots in total. The result showed that the Important Value Index (IVI) for C. melanoxylon were 66.33, 17.65, 11.82, 12.90; Diversity Index (H) were 2.9, 1.90,2.88, 2.53 and 12.90, Index of evenness (E) were 0.844, 0.534, 0.85, 0.935 and the Index of Richness (R) were 5.71, 7.13, 5.37, 3.67 for the stage tree, pole, sapling, and seedlings, respectively This result demonstrates that C. melanoxylon still grows naturally in Bona Lumban at all stages from tree to seedling. However, there might be a problem in its natural regeneration as there is big difference of its high IVI at tree stage compared to IVI value for its younger stages. The regeneration status of C. melanoxylon was also classified into fair. This might be generated from the condition that the existing mature trees remaining were no longer productive and healthy due to excessive harvesting for its bark.
INTRODUCTION
Cotylelobium is a genus belonging to the family Dipterocarpaceae. It has five species and is found in Sri Lanka (2 species), Peninsular Thailand (2 species), Peninsular Malaysia (2 species), Sumatra (1 species) and Borneo (3 species). The timber of Cotylelobium spp is traded in Indonesia under the name "giam", which may cause confusion because this is the trade name for the heavy wood of Hopea forbesii (Borstow 2018) . In Bataknese ethnic, Cotylelobium is known as "raru". This species grows wildly in primary or secondary forest mixed with other stands. Of the five species in Cotylelobium Genus, only one species is found in Sumatra mainland and some small islands surrounding it (Rachmat et al. 2018) with the name Cotylelobium melanoxylon. Even though it has been believed that there is only one species in Sumatra region of Cotylelobium, recent finding suggests that other species, C. lanceolatum, may also occur in Bunguran Island of Natuna, Riau Islands (Subiakto and Rachmat 2015) .
Cotylelobium melanoxylon is a medium-sized to large tree with cylindrical bole. Its timber has a high economic value and is classified as heavy wood which is good for many purposes (housing, railway, bridge, etc.) . However, current field survey shows that the species is getting harder to find in the forest. Heavy exploitation targeted for its barks seems to be the most significant contribution for its population loss. This species is hardly seen in the wild at present day since local community harvests its bark to make traditional alcoholic drink (Subiakto et al. 2017) . Bataknese ethnic utilize raru bark as important source for mixing material in traditional alcoholic drink called tuak (Pasaribu 2009 ) and is sold by kilogram in traditional market in North Sumatra. Local people also use the barks and leaves of raru for traditional medicine of diarrhea, malaria (Sorianegeara and Lemmens 1994) and diabetes (Matsuda et al. 2009 ).
In Sumatra mainland, Cotylelobium melanoxylon is recorded mostly from Riau and North Sumatra. In Riau, they are found in Bukit Tiga Puluh and Tesso Nilo National Parks, in North Sumatra, they are reported growing naturally in Barus while in small islands surrounding Sumatra they are known to grow naturally in Mursala Island (Subiakto et al. 2017 , Rachmat et al. 2018 . The concern upon extinction of this species has been sounded by Barstow (2019) and listed raru in IUCN red list as least concern status. Bona Lumban is one of raru production area in North Sumatra. In this area, the harvesting of raru's bark and wood is still conducted by local people. Forest conversion into palm oil plantation has also threatened the existence of this species and will affect floristic composition and population structure of the forest.
Quantitative analysis of population structure of the species is able to describe the number of individuals in each growth stage of species to determine its productivity which is characterized by adequate number of individuals in each growth stage in a forest community (Reddy et al. 2008) . It also depends on the ecological characteristics of the sites, species diversity and regeneration status of a species (Mishra et al. 2013) . Quantitative analysis of diversity and regeneration status of tree species is important because it may provide baseline information to formulate conservation and management strategies for the species. Saxena and Sight (1982) state that quantitative structure of forest characterized by the presence of sufficient population of seedlings, saplings and young trees indicate a successful regeneration of forest species, while adult trees may provide as source of seeds The presence of sufficient number of seedlings, saplings and young trees will determine the successful regeneration and is influenced by some biotic and abiotic factors.
Several disturbances like logging, landslides, gap formation, litterfall, herbivory, fire, grazing, light, canopy density, soil moisture, soil nutrients, and anthropogenic pressure can affect the potential regenerative status of species composing the forest stand spatially and temporally (Rao et al. 1990 ). Due to this consideration, our research was conducted to determine the population structure of Cotylelobium melanoxylon at seedling to tree stage at Bona Lumban Forest-Central Tapanuli, one of the important raru material sources in North Sumatra.
MATERIALS AND METHODS

Site location
Bona Lumban is known as one of raru bark producer in North Sumatra. According to local people's information, many kilograms of raru bark is sold to other districts for tuak mixture every day. Bona Lumban is a village located in Tukka Sub-district, Central Tapanuli District that covers an area of 6.80 km 2 (BPS 2016 
Vegetation analysis
Vegetation analysis was carried out using purposive sampling based on local people information on the occurrence of C. melanoxylon (Figure 2 ), in certain sites of the forest (Jumawan et al. 2015) . Species identification was carried out by employing a botanist. Few species which were still doubtful were taken for their specimens to be confirmed later in the herbarium. There was total of four transects established at the studied sites where C.melanoxylon occur with five plots/quadrats for each transect. These data were used to calculate relative density, frequency, abundance, and dominance of the species; and from those values, the Importance Value Indices (IVI) were calculated.
Data analysis
To express the dominance and biological success of any species with a single value, the concept of Importance Value Index (IVI) have been developed by Curtis and McIntosh (1950) , Phillips (1959) and Misra (1968) . Rastogi (1999) and Sharma (2003) have reported the IVI as a better expression of the relative ecological importance of a species than an absolute measure such as frequency, density or dominance. IVI of each species was obtained by summing the three relative values, i.e., relative density (RD), relative frequency (RF) and relative dominance or relative basal area (RBA), in which IVI = RD + RF + RBA (1). Importance percentage was obtained by dividing the IVI value by 3.
Relative density
Density denotes the average number of individuals of a given species out of the total of samples examined in a study area (Oosting 1942; Rastogi 1999; Sharma 2003) . The Relative Density (RD) was calculated using the formula:
RD=
Total number of individual of a species X100% Total number of all individual of all species
Relative frequency
Frequency indicates the number of sampling plots in which a given species occurs as a percentage of all sampling plots and based on the presence or absence of a species (Raunkaier 1934; Rastogi 1999; Sharma 2003) . Relative Frequency (RF) was calculated using the formula:
Frequency of a species Frequency of all species
Relative basal area Dominance is defined as the sum of basal areas of all individuals of a species. The basal area refers to the ground covered by the stems (Rastogi 1999; Sharma 2003) . Relative Basal Area (RBA) was calculated using the formula: RBA = Basal area of a species Total basal area of all species
Regeneration status
The regeneration status of tree species was determined based on the presence of seedlings, saplings and mature stage (Khumbongmayum et al. 2005) . The regeneration status of species was classified into five categories. The categories were: (a) 'good', when seedlings > or < saplings > adults; (b) 'fair', when seedlings > or ≤ saplings ≤ adults; (c) 'poor', if a species survives only in sapling stage, but no seedlings (though saplings may be < > or = adults); (d) 'none' or 'not regenerating' if it is absent both in sapling and seedlings stages, but is found only in adults and (e) 'new', if a species has no adults, but only saplings and/or seedlings.
Species diversity
The species diversity was determined by using Shannon-Wiener.
The index was formulated as: H' = ∑ pi ln pi;
Where, pi is the proportion of individuals of i th species and individuals of all the species in a stand.
The concentration of dominance (cd) was determined by Simpson's index:
Where, pi is the same as for Shannon-Wiener Information Index.
The equitability or species per log cycle index was determined as E: E = S / (log n ilog n s );
Where, S is the number of species in that stand, ni and ns are the density value of most and least important species, respectively
RESULTS AND DISCUSSION
Vegetation analysis
Plants and living components of forest system determines the structure and function of forest ecosystem (Richards 1996) . The existence of forest ecosystem influences plant diversity, species distribution, and abundance pattern. The richness of plant species is controlled by variety of biotic and abiotic factors such as topography, soil, climate and geographical location (Ram et al. 2004) . Each forest has a distinct floristic composition which varies in its species richness and the abundance of different species. Environmental variability in terms of climatic factors, social resources, grazing by herbivores and human interference are the critical factors which contribute in the spatial and temporal patterns of vegetation of an ecosystem (Chapin et al. 1993) .
Based on the analysis of vegetation in Bona Lumban forest to all plant stages, it was recovered that there were 15-35 species found at each stage of the plant (data not shown). C.melanoxylon is always available at every plant stage, indicating its complete occurrence in Bona Lumban Forest. The result of vegetation analysis of raru at different growth level is described below. Cotylelobium melanoxylon ranked 6 th in term of RD, RF, and IVI, indicating that this species has been facing certain constraints. According to Ashton (1982) , this condition might be as consequence from disrupted seed dispersal, the vulnerability of the seed from decaying or even because of the isolation process and soil characteristics changes. Furthermore, Lee et al. (2002) state that C. melanoxylon has specific microsite due to its preference for good drainage soil and good light intensity. The canopy closure of Bona Lumban forest also contributed in lower density of this species at seedling stage.
Sapling
Rather similar to those of seedling stage, the value of C. melanoxylon IVI at sapling stage ( Lee et al. (2002) , S. leprosula needs partial shade for seedling establishment but its later growth responds greatly to light. The light condition at sapling stage was able to promote the occurrence of this species. Pole Pole stage is characterized by typical lowland tropical forest when dipterocarp species (meranti) start to take over the dominance of species occupancy in the site. Dipterocarp species are typically canopy trees or emergent and reach considerable dimensions throughout forests in the region. As those at seedling and sapling stages where C. melanoxylon ranked 6 th and 5 th , at the pole stage, C. melanoxylon ranked 4 th (Table 3) . Species with high IVI value at seedling, sapling and pole stage presume will also dominate the next stand structure. It is in accordance with Soerianegara and Indrawan (1982) who state that regeneration stage (seedlings, saplings, and poles level) will be as substitute tree for old or dead trees.
Tree
At the tree stage, the dominance of dipterocarp species was more apparent. Among the 5 highest IVI index, only species with local name of Bogor was determined as nondipterocarp. All four other species were dipterocarps such as C. melanoxylon (ranked 1 st ), Meranti (ranked 3 rd ), Meranti merah and Dryobalanops aromatica. The same finding was also found by Ashton (1998) , who stated that C. melanoxylon was the dominant tree at tree stage compared to other dipterocarp species.
Based on Tables 1, 2, 3 and 4 there is no consistent rank of species IVI at every growth stage. It indicates that the species have different ecological importance at each stage. Our research also found four threatened dipterocarp species based on IUCN listing; they were Cotylelobium melanoxylon as Endangered (Asthon, 1998), Shorea leprosula as Near Threatened (Pooma and Newman 2017) , Dryobalanops aromatica as Vulnerable (Barstow and Randi 2018) and Shorea forbesii as Vulnerable (Pooma and Newman 2017) .
Regeneration status of C. melanoxylon
Regeneration is the ability of a species to complete the life cycle and a key process for the existence of species in a community under varying environmental conditions (Khumbongmayum et al. 2005) . Common studies of tropical tree regeneration only focus on seedlings stage, which is usually more abundant than mature stages (Tripathi and Khan 2007) . According to Sukumar et al. (1992) , regeneration of tree species is considered and classified based on the abundance of seedling and compared to mature stage condition. Based on data above, seedling and sapling density of raru was lower compared to the mature stages. It suggests that the regeneration status of raru in Bona Lumban forest was classified into fair.
Fair regeneration is defined as the condition in which there are a fair number of seedlings, but the percentage of saplings is either lower than or close to that of the mature trees (Woo et al. 2011) . It indicates a problem in its natural regeneration. Tree seedling recruitment on raru is limited by either low/uncertain seed supply and establishment or lack of favorable microsites and factors that affect early seedling growth and survival. There is no information about the phenology and natural regeneration of this species in Indonesia, but according to Appanah and Turnbull (1998) , this species has low natural regeneration. It might be caused by seedlings that die primarily from the very low light regimes of a closed forest as canopy as stated by Ashton (1995) .
The presence of adequate number of seedling signifies better recruitment and germination of species in the forest. On the other hand, the dominance of established seedlings and saplings under the adult trees also affect the future composition of a community. Complete absence of seedlings and saplings of tree species in a forest is a clue towards its poor regeneration. These may be due to their poor seed germination and failure in the establishment of seedlings in a site. The lack of juveniles of some of the primary species has also been reported from tropical deciduous Sal (Sukumar et al. 1992) . The species under 'not regenerating' condition might have occurred due to poor biotic potential of tree species which either affect the fruiting, production of seed or seed germination and is also influenced by the prevailing set of microclimatic conditions like temperature, light intensity, moisture availability, etc. Failure of successful conversion of seedling to sapling stage also brings to 'not regenerating' condition which may be due to unavailability of suitable micro-site and existing anthropogenic interference in the study site. Moreover, individuals in young stages of any species are more vulnerable to any kind of environmental stress and anthropogenic disturbance, which may lead to local extinction of the species in their natural habitat.
The diversity of species
Species diversity is an important aggregate indicator that reflects the effect of secondary forest restoration in tropical regions (Connell 1978; Wright 2002) . The species richness of mature trees of raru was higher than that of saplings and seedlings. Change in species composition across mature and regenerating tree phases was more frequent in disturbed forest (Table 5) .
Typical values for Shannon-Wiener diversity index (H') are generally between 1.5 and 3.5 in most ecological studies, and the index is rarely greater than 4. The Shannon-Wiener index increases as both the richness and the evenness of the community increase. The study result showed that from all stages (seedling to trees), ShannonWiener indices ranged 1.90-2.90. It indicates that tree stage represents the highest value where both species richness and evenness resulted in higher Shannon-Wiener index than other stages.
Species evenness refers to how equal the community in numerical sense. It defines how close in numbers each species in an environment is. The value ranges between 0-1. The less even of the species (with the presence of a dominant species) in a community is, the lower is the evenness value, and vice versa. From the data above, it is demonstrated that at most stage the evenness value was high except for the pole stage when the evenness is only 0.5.
From the study result, it was found that the Protection Forest in Bona Lumban area contains various timber species with economic value. However, its status as Protection Forest may not allow timber extraction within the area. Thus, the status also gives benefit for the conservation effort of C. melanoxylon. While in Riau the species disappeared quickly especially those at tree stage (Subiakto et al. 2017 ), we could see that different case likely happened in Bona Lumban Forest when protected status was given to the area and could clearly minimize the risk of exploitation. The variation in species richness and diversity for both tree species and seedlings could be attributed to the habitat heterogeneity represented by soil chemical properties, environmental factors, and human disturbance. In conclusion, assessment of diversity and regeneration status of tree species is important for their sustainable utilization, management, and conservation. In this study, floristic composition in Bona Lumban forest is dominated by dipterocarp species. Regarding raru, the young regeneration of this species was lower compared to mature stage. It shows that the regeneration status of raru at the study area is fair and the future populations may be threatened if there is any major environmental stress or interference exerted by human activities. A systematic management plan is required for their conservation and sustainable utilization. The area status as protection forest seems to be effective to conserve the species by providing protection from overexploitation.
